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Abstract
We analyse the relationship between individuals’ subjective wellbeing (SWB) and measures
of their country’s sustainability. SWB data are sourced from the World Values Survey; sus-
tainability is measured by ecological footprint (EF) and by components of theWorld Bank’s
adjusted net savings (ANS) series. ANS, ameasure of weak sustainability, represents changes
in a country’s capital stock including financial, physical, human andnatural capital.We show
that an increase in strong sustainability, measured by EF and by ANS’s natural capital com-
ponent, is associated with reductions in SWB over the next decade followed by a rebound
in SWB over the subsequent decade. We show also that the perfect substitutability assump-
tions on which ANS is calculated do not hold. Our findings highlight an important political
challenge: governments that run sustainable policies may decrease the near-term wellbeing
of citizens. This can reduce government’s short-term popularity even though the improved
sustainability may raise future wellbeing.

Keywords: adjusted net savings; ecological footprint; subjective wellbeing; sustainability

JEL classifications: D91; H75; Q01; Q56

1. Introduction
The Dasgupta Review (Dasgupta, 2020: 2) states: ‘Our economies, livelihoods and well-
being all rely onNature.’ This emphasis on the criticality of nature for humanwellbeing is
consistent with a strong sustainability approach that emphasises the importance of pro-
tecting natural assets in order to underpin future welfare. By contrast, a weak sustainabil-
ity approach (Pearce and Atkinson, 1993; Pearce et al., 1996) allows for substitutability
between different forms of capital (natural, produced and human) in facilitating future
wellbeing outcomes.
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We examine the relationship between different measures of the sustainability of
national economic policies and the individual wellbeing of citizens. In doing so, we high-
light a difficult trade-off that governments face between running sustainable economic
policies and raising the more immediate welfare of their citizens. This trade-off may
explain why many governments fail to adopt sustainable economic policies even though
doing so may improve the wellbeing of future generations.

We use the World Bank’s adjusted net savings (ANS) series – akin to the Genuine
Savings (GS) concept adopted by Pearce et al. (1996) – as an indicator to measure weak
sustainability.1 A positive level of ANS represents an increase in a country’s aggregate
capital stock defined to include financial capital, produced capital, human capital and
some elements of natural capital. A negative level of ANS sees the country running down
its (similarly measured) wealth. Researchers have applied ANS as a predictor of aggre-
gate objective wellbeing (e.g., Ferreira et al., 2008). However, far less attention has been
given to testing the relationship between ANS and subjective wellbeing at the individual
level. Nor has attention been given to testing whether the components of ANS have iden-
tical impacts on wellbeing, a result which would be required in order to justify a simple
summation of different forms of capital to compile the ANS measure.

The present paper fills these gaps by examining the relationship between ANS (and
its components) and future subjective wellbeing (SWB). Natural capital depletion is one
of the ANS components; concentration on that component alone would bring us closer
to a test of the relationship between strong sustainability and future wellbeing. To inves-
tigate this relationship further, we also employ the ecological footprint (EF) measure
(see section 2.1) as an alternative indicator of strong sustainability to test its relationship
with future wellbeing. While different measures of SWB are available, we use an evalu-
ative definition commonly used in the economics literature, obtained from the World
Values Survey question on life satisfaction.2 To the best of our knowledge, this study
is the first to test whether each of ANS, its components, or EF helps to predict future
developments in individuals’ life satisfaction relative to prior levels.

Using multiple estimation approaches with unit record data, we find that initial lev-
els for the strong sustainability measures for a country are negatively (and significantly)
associatedwith the future SWBof residents over the next decade. Thus there is a trade-off
for policy-makers between running policies that boost short-term wellbeing and adopt-
ing policies that meet a strong sustainability test. The relationship between the two turns
positive over the following decade. This result is consistent with the hypothesis that run-
ning strongly sustainable policies enhances the wellbeing of future generations (Greasley
et al., 2014). We do not find such strong results for other components of ANS. Fur-
thermore, we reject perfect substitutability across all components of capital within ANS,
raising questions about the suitability of ANS as an aggregate measure of sustainabil-
ity. We also find that different forms of capital accretion (or depletion) affect different
demographic groups, especially according to education and income.

The data source for SWB (theWorld Values Survey) includes ten countries that have
data covering waves 2, 4 and 6 of the survey. These waves are approximately a decade
apart, enabling us to analyse decadal changes in wellbeing for individuals in each coun-
try. Tominimize the risk of omitted variables bias in our estimates, we control for a range

1ANS is also referred to as comprehensive investment (CI), comprehensive savings (CS) or inclusive
wealth (IW). See section 2.1 for references to key papers that analyse ANS, GS, CI, CS or IW.

2We use the terms life satisfaction and SWB synonymously. We discuss how life satisfaction relates to
other aspects of wellbeing in section 2.2.
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of personal variables which have been shown to be associated with individuals’ SWB.We
also control for a country’s initial average level of SWB which is a highly significant pre-
dictor of their citizens’ future wellbeing; prior studies’ omission of this variable has likely
resulted in biased estimates of the relationship between sustainability and wellbeing in
those studies. All equations also include two macroeconomic control variables to proxy
for development status and for short-run macroeconomic disequilibrium.

Sections 2.1, 2.2 and 2.3 of the paper describe EF, ANS and SWB respectively, while
section 2.4 reviews the relevant theory linking SWB to sustainability measures. Section
3 details the specifications of our empirical model while section 4 covers the process of
collecting and processing data from several sources. In section 5, we present our empiri-
cal results using a variety of specifications and estimationmethods to test for robustness.
In the final section, we draw conclusions with reference to policy challenges highlighted
by our results.

2. Background
2.1 Ecological footprint
EF is a measure of how much area of biologically productive land and water a country
requires to produce all the resources it consumes and to absorb the waste it generates.
The measure assumes continuation of prevailing technology and resource management
practices. Our measure is expressed as hectares per person.

EF is a measure of resource consumption, and takes a global perspective. Two coun-
tries with identical EF values (i.e., with equivalent per capita consumption of resources)
may have very different biocapacities. The biocapacity is defined as the capacity of
the country’s ecosystems to produce biological materials used by people and to absorb
their waste material. The measure is again based on existing management schemes and
extraction technologies. Two countries with similar levels of EF may have very different
ecological deficits where this deficit represents the difference between a country’s EF and
its biocapacity. For instance, in our sample of countries, Argentina had an EF of 3.1 in
1990 which is well below its estimated biocapacity of 6.8. By contrast, South Africa had
a similar EF at 3.4, but this was well above its biocapacity of 1.5. The EF approach does
not include forms of capital beyond the ecosystem in its calculation of ecological deficit.
Thus it is positioned clearly as a measure of strong sustainability.

2.2 Adjusted net savings
ANS is an indicator of sustainable development at the macro-level over the long-run.3
ANSwas first introduced by Pearce andAtkinson (1993) as an indicator of ‘weak sustain-
ability’ based on the reformation of theHartwickRule (Hartwick, 1977, 1990). According
to the Hartwick Rule, income from the exploitation of non-renewable resources should
be reinvested in renewable resources in order to maintain total wealth and to achieve
non-declining wellbeing over time. This rule emerged from the Hicksian definition of
income as being the maximum amount of consumption in one period that does not

3For additional information, see Dasgupta and Heal (1974), Solow (1974), Pearce and Atkinson (1993),
Hamilton and Clemens (1999), Ferreira and Vincent (2005), Dietz and Neumayer (2007), Ferreira et al.
(2008), Gnègnè (2009), Arrow et al. (2012), Blum et al. (2013), Hanley et al. (2015), Hanley et al. (2016),
Blum et al. (2017), Greasley et al. (2017), Greasley and Madsen (2017) and Qasim et al. (2020).
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compromise the ability to afford the same level of consumption in the following period
(Hicks, 1946).

The concept of weak sustainability is rooted in the argument that natural, human,
financial and produced capital are substitutable. This concept emerged in the 1970swhen
neoclassical models of economic growth were extended to account for non-renewable
natural capital as a factor of production. By contrast, ‘strong sustainability’ views nat-
ural capital as being largely non-substitutable for the generation of wellbeing (e.g.,
Georgescu-Roegen, 1971). Sneddon et al. (2006) characterise debates between advocates
of weak versus strong sustainability as in essence being debates over the substitutability
of ecosystem-derived resources. By splitting ANS into its components, we test whether
the perfect substitutability assumption that underlies the weak sustainability approach
holds.

A weakly sustainable economy is defined as one which saves more than the com-
bined depreciation of its stocks of capital (Pearce and Atkinson, 1993). When ANS takes
negative values, it indicates that the country’s wealth is being reduced, resulting in an
unsustainable development path. Sustainability, under this approach, involves main-
taining total wealth, defined as the sum of human capital, produced capital and natural
capital (Dasgupta and Mäler, 2000; Hamilton and Atkinson, 2006).

ANS is calculated by theWorld Bank as net national savings plus education expendi-
ture,minus energy depletion,mineral depletion, net forest depletion, and carbon dioxide
and particulate matter (PM) emissions damage.4 The World Bank publishes ANS esti-
mates for all countries with data starting – where available – in 1970. A description of
the components of ANS and how it is calculated is provided in the online appendix.

2.3 Measuring wellbeing
Wellbeing results from a set of factors that are required for a flourishing life, and has
been measured in a variety of ways. Some approaches are country-specific (e.g., McGre-
gor et al., 2007) while others are formulated so that measurements are consistent across
countries.We require consistent cross-country data so we focus on this latter set of mea-
sures. Some cross-country measures compile and/or amalgamate a number of objective
and subjective factors that may be related to wellbeing. This methodology in part reflects
the influence of Sen’s capabilities approach (Sen, 1999) that emphasises the capability to
achieve a range of functionings rather than emphasising the outcomes themselves (see
also McGregor et al., 2007; Cummins, 2012; MacKerron, 2012).

Delhey and Kroll (2013) discuss a range of well-known cross-country indices of
wellbeing that incorporate multiple domains (such as health, education, income, hous-
ing, etc.). These indices include: the UNDP’s Human Development Index (HDI) and
Inequality-adjusted Human Development Index (I-HDI), the OECD’s Better Life Index
(BLI), the Weighted Index of Social Progress (WISP), the Wellbeing Index (WBI), and
the Social Development Index (SDI). They compare how closely these indices are corre-
lated with average SWB of each country which they treat as an encompassing indicator
of a country’s wellbeing. Correlations of the wellbeing indices with average SWB range
from 0.35 to 0.56 (all significant at the 5 per cent level). Thus Delhey and Kroll conclude
that SWB can be regarded as an overarching measure that encompasses insights yielded
by a range of composite wellbeing indicators. Furthermore, SWB has an advantage as

4The World Bank also publishes a measure of ANS that excludes particulate matter emissions damage;
we adopt the fuller (inclusive) measure.
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a measure of wellbeing relative to the index number approaches in that it measures
residents’ own perceptions of how satisfactory their life is, rather than being subject to
weights imposed by an external party.

Given this evidence, our study focuses on evaluative SWB as an indicator of a coun-
try’s wellbeing. We adopt this approach also since SWB is conceptually related to the
standard maximand used in economics, i.e., individual utility (MacKerron, 2012).

There are multiple measures of evaluative SWB available (Veenhoven, 2007). Del-
hey and Kroll (2013) analyse the relationship between three commonly-used measures
of SWB across a broad range of countries: (i) the Cantril ladder of life (Cantril, 1965),
in which respondents define their life situation relative to the best and worst life that
they can imagine;5 (ii) a measure of overall life satisfaction which asks people to rate
their lives on a 0 to 10 or on a 1 to 10 scale;6 and (iii) a measure of current (or momen-
tary) happiness.7 Other surveys, including the Gallup Poll, survey respondents’ positive
affect (happy emotions) and negative affect (unhappy emotions). For OECD countries,
Delhey and Kroll report cross-country correlations of: 0.77 between the Cantril ladder
and WVS measures of life satisfaction; 0.81 between the WVS measures of life satisfac-
tion and happiness; and 0.69 between the Cantril ladder and WVS happiness. OECD
(2011) reports a cross-country correlation coefficient of 0.47 between the Cantril ladder
and the ‘affect balance’ (positive affect minus negative affect, from the Gallup Poll). The
various measures are therefore strongly positively correlated, and studies report simi-
lar results using both a measure of life satisfaction and a measure of happiness where
each is used alternatively as an independent variable in a regression (e.g., Polgreen and
Simpson, 2011).8

Of the various SWBmeasures available, the life satisfaction measures are found to be
more stable across time for individuals than are happiness (or affect) measures which
survey more fleeting emotional states (Diener et al., 2010; Helliwell et al., 2012) and
they tend also to be more closely related to standard economic variables such as income
or wealth (see Dodds, 1997; Frey and Stutzer, 2002; Helliwell, 2003; Cummins, 2012).
Several international repeat surveys of SWB exist, including theGallup Poll, Eurobarom-
eter Surveys, European Values Surveys (EVS), General Social Surveys (GSS), andWorld
Values Surveys (WVS). We use the last of these surveys owing to its timespan.

While wellbeing may, in part, be socially and culturally determined (Heine et al.,
1999), research shows a considerable degree of consensus about key determinants of
wellbeing across survey locations. Important personal characteristics include age, sex,
cultural and religious affiliations, welfare of relatives and friends, strengths of social net-
work, and marital status (see Gross et al., 1997; Diener et al., 1999; Frey and Stutzer,
2002; Helliwell and Putnam, 2004; Kahneman and Krueger, 2006; Helliwell et al., 2012).
At a macro level, nations with higher wellbeing tend to score higher on human rights,
equality, justice, and democratic governance.

5The Cantril ladder question is used in the Gallup Poll.
6This type of question is included in several countries’ General Social Survey and in some international

surveys including the World Values Survey (WVS); see: http://www.worldvaluessurvey.org/wvs.jsp.
7This type of question is also included in the WVS.
8Another form of SWB that is surveyed across countries is ‘purpose in life’ or eudemonia. This is a

somewhat different concept from evaluative wellbeing, and intuitively is less likely to be related to issues
of sustainability so is not considered further here.
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2.4 Relationships between SWB and sustainability
The contemporaneous relationship between SWB and sustainability indicators, includ-
ing individual components of ANS such as natural capital, human capital, produced
capital and its rate of return (measured by income per capita), has been extensively
studied in the literature. Studies that focus just on the natural capital component can
be regarded as tests of strong sustainability, while those that include all components
test for weak sustainability. The predictive power of sustainability measures to explain
changes in national level wellbeing – but not individual level wellbeing – has also been
examined (Qasim, 2017). However, many such studies have not adequately controlled
for endogeneity or prior levels of wellbeing in a country.

The relationship between SWB and any measure of sustainability (referred to in the
following generically as SUS) can be modelled at the individual or country scale, with
one or both variables expressed either in levels or changes. At each scale, we can postu-
late four possible relationships between SWBand SUS: SWB= f (SUS), SWB= f (�SUS),
�SWB= f (SUS), �SWB= f (�SUS), where � signifies a change in that variable across
time. A summary of relevant literature in terms of these specifications is presented in
table 1.

Examining table 1, we observe two groups of studies. First, sustainability measures
have been used as a predictor of changes in future wellbeing at the national level.
For instance, Ferreira et al. (2008) have used GS to predict changes in future real
consumption per capita, as a proxy for national level wellbeing.

Second, all prior SWB studies, at both the individual and the aggregate country scale,
are formulated using the dependent and the explanatory variables at levels (rather than
changes). The use of current variables at levels induces the risk of endogeneity in estima-
tion. To the best of our knowledge, none of the papers has used a sustainability indicator
to predict future individual SWB while controlling also for past levels of SWB. The lit-
erature on cultural and other determinants of SWB show that it is vital to control for
persistent SWB levels across different countries and cultures, so studies that omit this
country-specific aspect are likely to be flawed.

3. Methods
Consistent with the recommendations of Stiglitz et al. (2010), we focus on individual
(rather than aggregate) measures of wellbeing. In terms of the types of models outlined
in section 2.4, we focus on specifications inwhich the change in SWB is a function, ceteris
paribus, of the initial level of sustainability of their country (i.e.,�SWB= f (SUS)). Based
on our analysis in section 2, we hypothesize that countries with higher levels of sustain-
ability will perform better, in the long run, in terms of the future change in SWB of their
inhabitants. This reflects the increase in resources available to promote the long-run
wellbeing of future citizens.

In order to test whether each sustainability measure helps to predict subsequent SWB
changes, we control for a set of variables which prior literature shows to have high
explanatory power for SWB (Di Tella et al., 2001; Gnègnè, 2009; Grimes et al., 2016;
Welsch and Kühling, 2016; Novak and Pahor, 2017). Equation (1) illustrates a baseline
model in levels:

SWBi,c,t = β0 + β1Mc,t + β2Xi,t + β3SUSc,t + λw + λc + εi,c,t , (1)

where variables are defined as: SWB, subjective wellbeing; i, individual; c, country; t,
time; M, vector of macro controls; X, vector of personal controls; SUS, sustainability
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Table 1. Key studies including wellbeing and sustainability indicators
Reference Dependent variable(s) Independent ANS-related variable(s) Type of study LHS vs RHS Scope of study

Novak and Pahor (2017) SWB GNI per capita Levels – Levels Individual level

Greasley et al. (2017) PV�C Net national investment, Green investment,
GS, ANS, Cl adjusted for minerals, CI
adjusted for TFP

Changes – Levels Country level

Grimes et al. (2016) SWB Fiscal variables Levels – Levelsa Individual level

Hanley et al. (2016) PV�C GS, GS adjusted for TFP Changes – Levels Country level

Greasley et al. (2014) PV�C, PV�W GS and its individual components Changes – Levels Country level

Blum et al. (2013) PV�C GS and its individual components Changes – Levels Country level

Engelbrecht (2012) SWB Total wealth per capita, GNI per capita,
natural capital per capita, produced
capital, intangible capital

Levels – Levels Country level

Verme (2011) SWB income, country’s wealth Levels – Levels Individual level

Pittau et al. (2010) SWB personal income, national income Levels – Levels Country level

Engelbrecht (2009) LS, Happiness, SWB Index Natural capital per capita, GNI per capita Levels – Levels Country level

Gnégné (2009) �HDI,�IMR ANS per capita, NNS per capita, ANS_E,
ANS_P, ANS EP, Initial income

Changes – Levels Country level

Bonini (2008) LS HDI, ESI, GDP per capita Levels – Levels Individual level

Ferreira et al. (2008) PV�C Gross savings, Net savings, Green savings,
Population adjusted savings

Changes – Levels Country level

Vemuri and Costanza (2006) LS/SWB HDI, ESP per squared km index Levels – Levels Country level

Leigh and Wolfers (2006) SWB, Happiness HDI, GDP per capita Levels – Levels Country level

Schyns (2002) SWB income at lowmedium and high levels,
national income

Levels – Levels Country level

SWB: Subjectivewellbeing. GS and CI: Genuine savings and comprehensive investment (alternative terms for ANS). TFP: Total factor productivity. PV�C: Present values (PV) of changes in per capita
consumption in real-terms. PV�W: PV of changes in real wages per capita. PV�C and PV�W are used as a proxy for aggregate objective wellbeing. �HDI: Change in human development index.
�IMR: Change in infant mortality rate. ANS_P: ANS calculated without CO2 damage. ANS_E: ANS calculated without education expenditure. ANS_EP: ANS calculated without CO2 damage and
education expenditure. ESI: Environmental sustainability index. GNI: Gross national income. NNS: Net national savings. LS: Life satisfaction (SWB) from the WVS. ESP: Ecosystem services product.
aIndividual level study with cross-sectional country fixed effect added.
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indicator; λc, country fixed effect; and λw, time (wave) fixed effect. The personal controls
are: age, sex, income, marital status, employment status and education (all fromWVS).

Two macroeconomic control variables proxy for development status and for short-
run macroeconomic disequilibrium. The first macro control variable is life expectancy.
We use this variable in preference to real GDP or real GNI per capita since national
accounts variables may be poorly measured in developing countries. To give one exam-
ple, Nigeria (which is included in our dataset) revised its 2013 GDP per capita upwards
by 89 per cent (United Nations Economic Commission for Africa, 2014). This revision
impacted greatly on its measures of gross and net national savings (and hence ANS), a
factor which we discuss further in the data section. Life expectancy has a strong relation-
ship with GDP per capita, a relationship known as the Preston Curve (Preston, 1975;
Grimes and Hyland, 2020) and is accurately measured, so is adopted as our preferred
indicator of development. The unemployment rate (relative to its long-term average) is
used as a measure of short-run disequilibrium.

A problem with this (Levels – Levels) baseline equation is that the model may be sub-
ject to an endogeneity problem due to simultaneity (or omitted variables). For example,
the current level of sustainability of a country potentially has a strong relationship with
its current level of income, and thence its current SWB. For this reason, while equation
(1) is our conceptual starting point, we do not adopt it. In equation (2), we mitigate the
endogeneity problem by modifying (1) utilising the timing of our variables and adding
an extra control variable. We focus our attention on this approach.

SWBi,c,t1 = β0 + β1Mc,t0 + β2Xi,t1 + β3SUSc,t0 + β4SWBc,t0 + εi,c,t1. (2)

Equation (2) represents a cross-sectional model (and hence excludes country and
wave fixed effects)9 in which t1 is the ‘end-wave’ and t0 is the ‘initial-wave’ for a par-
ticular country group. Thus for the first decade analysis, t1 is wave 4 and t0 is wave 2 of
theWVS. For the second decade analysis t1 is wave 6; wave 2 is retained as t0 since we are
testing the relationship of the initial level of sustainability with longer-term outcomes.
The personal characteristics are included as at t1 to coincide with the observations of the
dependent variable, while the macro variables are included as at t0 (rather than t1) for
two reasons. First, they adjust for the level of development and/or disequilibrium that
may have caused the initial level of sustainability to depart from its expected level in the
absence of these factors. Second, if these variables were included as at t1 they would be
co-determined with the dependent variable and so would be subject to endogeneity bias.
Furthermore, their inclusion as t1 variables would incorporate a potential indirect chan-
nel of the effect of sustainability on SWBi,c,t1 so making it difficult to infer the full effect
of the relationship between prior sustainability and wellbeing outcomes. (In the case of
the second decade, however, we include SWBc,t0 from wave 4 so that we can interpret
the second decade results as representing the decadal change in SWB.) The model in
equation (2) therefore indicates the association between the initial period sustainability
indicator and subsequent individual SWB after controlling for personal characteristics,
the initial average level of a country’s SWB and other macro factors.

Even though we use a long (one to two decade) lag of sustainability in our specifi-
cations, we cannot rule out the presence of endogeneity in our estimates (Reed, 2015;
Bellemare et al., 2017). Reverse causality is unlikely given the timing of our variables but

9Inclusion of country fixed effects would result in perfect multicollinearity with the country level
variables, while a wave fixed effect is not required as this is not a panel estimate.
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omitted variables that are correlated with each of current SWB and the lagged sustain-
ability indicator could be present. This factor is mitigated by our inclusion of SWBc,t0
which accounts for the effect of time-invariant unobservables on wellbeing; it is a key
reason for our inclusion of this variable. Tests of the time series properties of ANS and
each of its components indicate each to be stationary variables (albeit with long-lived
dynamics) so that any innovation present in the variable at the start of the sample will be
considerably diminished over periods of one to two decades, again mitigating any endo-
geneity concern.10 We cannot reject the presence of a unit root for EF, so the results for
the ANS natural capital depletion component may be preferable to those using EF when
interpreting the results relating to strong sustainability. Even with stationary variables,
the presence of time-varying unobservables that are correlated with both wellbeing and
the sustainability indicator could still be present. We conjecture that any endogeneity
from this source is more likely to be reflected in the estimates for the physical, financial
and education sustainability variables, i.e., NNS and education, rather than the natural
capital variables, (EF) and (natural capital depletion). The latter are less likely than edu-
cation or NNS to be affected, for instance, by fiscal and monetary policy decisions that
also affect wellbeing.

While SWB is a categorical (ordered) variable, it is common to treat SWB as if it
were a cardinal variable and then to estimate using ordinary least squares (OLS). In prior
studies this approach has produced similar results (in terms of signs and significance of
variables) as ordered logit models (Ferrer-i-Carbonell and Frijters, 2004; Luttmer, 2005)
and is easier to interpret. Nevertheless, ordered logit is conceptually a more appropriate
estimation method; accordingly, we estimate our models using both OLS and ordered
logit (Ologit). As with prior studies, the results from the two approaches are very similar,
so we concentrate principally on the OLS estimates. This approach is also consistent
with the use of the country mean of SWB as an explanatory variable, which rests on an
assumption of cardinality.

Another set of estimation issues arises from the fact that we include country-level
data in our regressions for individual wellbeing. This can lead to correlated errors within
country observations. One approach to dealing with this issue is to estimate a multilevel
model; however the minimum number of countries to include in a multilevel model
is normally regarded as at least 30 (Bryan and Jenkins, 2016), making that approach
unsuitable given our sample. Instead, recognising the potential for correlated errors, we
cluster standard errors by country.

4. Data
4.1 SWB and personal controls
Self-reported data on SWB and for personal controls11 were obtained from the WVS
waves 2, 4 and 6.12 These waves are approximately a decade apart. Ten countries are
included based on their inclusion in all three survey waves. The included countries are:
Argentina, Chile, China, India, Mexico, Nigeria, South Africa, South Korea, Spain and

10Each sustainability variable is tested over their fully available time period for our ten countries using the
Levin-Lin-Chu and Im-Persaran-Shin panel unit root tests. Each of ANS and its components rejects a unit
root at the 10 per cent level or lower according to both tests.

11Online appendix table A1 summarizes data processing across each wave of the WVS data.
12For more information, see the World Values Survey site at http://www.worldvaluessurvey.org/

WVSContents.jsp; Wave years: Wave 2: 1990–94; Wave 4: 1999–04; Wave 6: 2010–14.
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Table 2. WVS respondent numbers and dates

Number of individuals surveyed

Country Wave 2 (1990–1991) Wave 4 (1999–2001) Wave 6 (2010–2013)

Argentina 992 1,268 1,020

Chile 1,496 1,193 988

China 996 991 2,252

India 2,461 1,980 4,054

Mexico 1,514 1,506 2,000

Nigeria 997 2,022 1,759

South Africa 2,696 2,995 3,521

South Korea 1,226 1,173 1,189

Spain 1,499 1,205 1,168

Turkey 1,027 3,400 1,601

Turkey. The number of individuals surveyed in each wave in each country is shown in
table 2.

The WVS surveys are conducted in each country using stratified multistage random
sampling, national random sampling or quota sampling methods. All WVS surveys are
conducted in the national language with face-to-face interviews. The SWB question is
asked in the local language as:

All things considered, how satisfied are you with your life as a whole these days? Using
this card on which 1 means you are ‘completely dissatisfied’ and 10 means you are ‘com-
pletely satisfied’ where would you put your satisfaction with your life as a whole? (Code
one number):
Completely dissatisfied 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 Completely satisfied.

Mean country SWB varies from a low of 6.2 (South Africa) to a high of 7.6 (Chile).
In our regression models, age is a continuous variable and both age and age squared are
included to capture the curvilinear effect of age on SWB. Sex,marital status, employment
status, income level13 and education levels are coded as dummy variables; these variables
have the following identity prefixes sex_, ms_, es_, in_, and ed_, respectively, in the full
results tables (online appendix table A3). Reference groups for these variables are males,
employed, lowest income step, and no formal education respectively. We also include
dummy variables for missing entries for each variable and a dummy for missing age in
our estimates.

4.2 Country level variables
Data for EF are sourced from the Global Footprint Network (see online appendix table
A1). A reduced ecological footprint represents greater sustainability. We therefore enter

13To mitigate some inconsistencies across waves in the categorization of personal income, we include
income solely as an ordinal variable.
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the negative value of EF into our regressions, denoted (EF), so that an increase in the
resulting variable represents a greater level of sustainability.

Data for ANS and its components are sourced from the World Bank’s World Devel-
opment Indicators Database (WDI).14 We aggregate the ANS sub-categories into three
components (each expressed as a percentage of GNI): net national savings (NNS, which
equals gross national savings less consumption of fixed capital), education, and (natu-
ral capital depletion), where the parentheses for natural capital depletion again indicates
that we take the negative value of this component so that an increase in the resulting
variable represents greater sustainability.

For reasons highlighted earlier, we place little emphasis on the net national savings
variable since the gross savings component of that variable is calculated as a residual
(i.e., income less consumption expenditures and net transfers) and so incorporates inac-
curacies arising from multiple components of the national accounts. In a case where
a revision to just one component of the national accounts occurs without compensat-
ing adjustments elsewhere (as occurred in Nigeria in 2013), the gross (and net) national
savings figure can change markedly. The same problem affects ANS which simply adds
gross national savings to the other components. Consequently, the two components of
ANS that relate to education and natural capital depletion are likely to be more accurate
indicators of sustainability within a country than are ANS or NNS.

Other country level control variables, i.e., life expectancy and unemployment rate,15
were also sourced from the WDI database. The countries in our sample are mostly low
to middle income countries as at 1990, with Spain having the highest GNI per capita at
the start of the sample. While inclusion of the life expectancy variable helps to control
for the stage of economic development of a country, the selection of countries should be
borne in mind when interpreting the results. The data for EF, ANS and its components,
mean SWB and the macro controls is provided in online appendix table A2.

5. Results and discussion
We initially estimate equation (2) using OLS for each of the two decades for five mea-
sures of sustainability: (i) (EF); (ii) ANS; (iii) NNS; (iv) education; and (v) (natural capital
depletion). All variables other than dummy variables are standardised so that the coeffi-
cient represents the effect of a one-standard-deviation change in the explanatory variable
on individual SWB. Rather than presenting all ten regressions in full, table 3 presents the
relevant coefficients, with standard errors clustered by country, for each sustainability
variable for each decade. Each cell represents the results of a separate equation.

Prior to discussing the sustainability estimates, we discuss results for the control
variables. Online appendix table A3 presents the full equations for the two (EF) OLS
equations including the estimates of the personal andmacro control variables. (The esti-
mates for these variables remain similar across all regressions so are not included in full
for other specifications.) The results for the personal control variables are consistent
with those of previous studies. For instance, SWB exhibits the standard U-shaped rela-
tionship with age (Gross et al., 1997). Prior studies show mixed results for the SWB of
women relative to men (Schyns, 2002). In our estimates, women have positive relative
SWB in the first decade but not the second. The results indicate that married people are

14Argentina does not have an ANS estimate for 1990; we use the ANS value from 1991 instead.
15Unemployment data series start from 1991 for all countries in theWDI data.We use 1991 values in each

case.
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Table 3. OLS regressions. Dependent variable: SWB

Sustainability variable 1st decade 2nd decade

(Ecological footprint) −1.643*** 0.434
(0.373) (0.405)

ANS −0.0945 −0.332***
(0.153) (0.0927)

Net national savings −0.0352 −0.246***
(0.139) (0.0590)

Education 0.0192 0.294
(0.312) (0.261)

(Natural capital depletion) −0.417 0.462**
(0.449) (0.176)

Notes: Ecological footprint and natural capital depletion are entered as sustainability variables, so are multiplied by −1
(indicated by parentheses). All coefficients are standardised. All equations include personal andmacroeconomic controls.
Standard errors (in parentheses) are clustered by country for all estimates.
**p< 0.05; ***p< 0.01.

happier than people of any other marital status, while significant SWB differences occur
between occupational groups. Higher levels of both income and education are signifi-
cantly and positively related to SWB consistent with prior studies. The consistency of
our results for the effects of personal characteristics with prior literature provides confi-
dence that our methods and data are suitable for the central foci of the paper. Three of
the four macro control variables are also significant across the two decades, indicating
that they help to control for country-specific factors.

A key feature of the results in table A3 (online appendix) is that prior country average
SWB (SWBc,t0) is positively and significantly associated with higher life satisfaction of
individuals in the subsequent period for each decade. The significance of this variable
shows the criticality of controlling for prior SWB in any study of the relationship of
current SWB with another lagged variable of interest.

The OLS results in table 3 indicate that a country that has a higher level of strong
sustainability according to EF experiences lower wellbeing for its citizens over the next
decade (after controlling for the country’s initial SWB, macro position and personal
characteristics). This result is significant at the 1 per cent level. Similarly, there is a nega-
tive (albeit not statistically significant) association of future wellbeing with a greater level
of strong sustainability according to natural capital depletion over the initial decade.

In the second decade, this relationship reverses. Countries that exhibit a higher degree
of strong sustainability experience higher SWB over the second decade (significantly
so, according to the natural capital depletion estimate). The education component of
ANS also exhibits a positive (albeit insignificant) association with wellbeing over the
second decade but not the first. Each of these results is consistent with the hypothesis
that conserving resources contributes to higher future wellbeing of residents.

In contrast to these results, we find no relationship between wellbeing and ANS or
NNS over the first decade, while there is a negative relationship over the second decade.
However the noise in the gross national savings data (which feeds into both NNS and
ANS) makes it difficult to interpret these results further.

Table 4 presents the corresponding ordered logit results which produce almost iden-
tical findings to those in table 3. Given the similarity in results, we conduct the remaining
analysis using OLS.
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Table 4. Ordered logit regressions. Dependent variable: SWB

Sustainability variable 1st decade 2nd decade

(Ecological footprint) −1.162*** 0.364
(0.308) (0.397)

ANS −0.0794 −0.333***
(0.125) (0.0900)

Net national savings −0.0323 −0.252***
(0.113) (0.0554)

Education −0.0198 0.359
(0.252) (0.281)

(Natural capital depletion) −0.313 0.468***
(0.360) (0.169)

Notes: Ecological footprint and natural capital depletion are entered as sustainability variables, so are multiplied by −1
(indicated by parentheses). All coefficients are standardised. All equations include personal andmacroeconomic controls.
Standard errors (in parentheses) are clustered by country for all estimates.
***p< 0.01.

Table 5. Tests of perfect substitutability within ANS (OLS regressions. Dependent variable: SWB)

Sustainability variable 1st decade 2nd decade

ANS 0.0119 −0.0529***
(0.0158) (0.0100)

(Natural capital depletion)
Net national savings+Education −0.7024** 0.8087**

(0.2908) (0.2703)

Notes: Natural capital depletion is entered as a sustainability variable, so is multiplied by−1 (indicated by parentheses).
Variables are not standardised. All equations include personal and macroeconomic controls. Standard errors (in paren-
theses) are clustered by country for all estimates.
**p< 0.05; ***p< 0.01.

Weak sustainability relies on the assumption that each form of capital is a perfect
substitute for each other form of capital. For instance, if we had two subsets of capital,
then weak sustainability implies linear indifference curves whereas strong sustainability
implies convex indifference curves. In order to examine the validity of the weak sustain-
ability approach, we estimate our previous specification for ANS with the addition of an
extra variable, being the ratio of (natural capital depletion) to the sum of the other two
components of ANS, i.e., net national savings plus education. If these other components
are perfect substitutes for natural capital, then this ratio should not affect wellbeing out-
comes once ANS is included in the specification. Table 5 presents the estimates for each
decade for ANS and for the ratio variable (using non-standardised variables since we are
testing whether the ratio of the raw variables matters). The results for ANS in table 5 are
consistent with those in table 3.

Turning to the ratio variable, we see that the ratio is significant for each decade, imply-
ing that perfect substitutability between natural capital and other forms of capital does
not hold. Reflecting the results in tables 3 and 4, the coefficient on the ratio variable
indicates that over the first decade wellbeing is enhanced if, for a given level of ANS, the
savings come through a switch out of natural capital into other forms of savings. By con-
trast, for the second decade, wellbeing is enhanced if the savings come through reduced
natural capital depletion relative to other forms of saving. Thus, for an unchanged level
of overall ANS but given the lack of perfect substitutability, we again see that natural
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Table 6. Testing demographic interactions (OLS regressions. Dependent variable: SWB)

Sustainability variable
Interaction term 1st decade 2nd decade

(Ecological footprint)

Age **

Sex

Education

Income

ANS

Age

Sex

Education **

Income

Net National Savings

Age

Sex

Education ***

Income

Education

Age **

Sex

Education ***

Income ***

(Natural Capital Depletion)

Age

Sex

Education * *

Income *

Notes: All equations include personal and macroeconomic controls. Standard errors are clustered by country. Asterisks
show where a binary interaction coefficient (age, sex, education or income) is significant for the association of a sustain-
ability indicator with SWB. *p< 0.1; **p< 0.05; ***p< 0.01. Age interaction is�40 years (=1) versus <40 years (=0); sex
interaction is female (=1) versus male (=0); education interaction is primary or below (=1) versus secondary or above
(=0); income interaction is decile 1–5 (=1) versus decile 6–10 (=0).

capital depletion is favourable for short-term wellbeing outcomes but is unfavourable
for longer-term outcomes.

Additionally, we test the null hypothesis that the relationship between each of the
sustainability indicators andwellbeing is identical for different population segments.We
do so since some groups may fare better than others from greater education expenditure
or from greater exploitation of natural capital. In order to conduct this test, we split
our sample along four separate dimensions: age (less than 40 years / at least 40 years),
sex (female / male), education (primary or below / secondary or above), and income
(deciles 1–5/deciles 6–10). For each of these dimensions we interact a dummy variable
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for the relevant split with the sustainability measure that enters the equation. Table 6
summarises the results, indicating where the interaction term is significant (at the 10
per cent level or lower); blank cells indicate no significant interaction.

Five of the nine significant interactions relate to education. In examining the result-
ing coefficients, we find that more educated people (at the end of a decade) benefit more
than the less educated from greater initial education expenditure. However, the high
education group benefits less fromamore sustainable natural capital depletion path, sug-
gesting that more highly educated people may leverage a rundown in natural capital for
their own benefit. This is especially evident over the second decade where the standard-
ised coefficient on (natural capital depletion) for the less educated, at 0.665, is almost
twice that for the more educated.16 Similarly, high income people benefit more from
education expenditures than do lower income groups but benefit less from running a
more sustainable natural capital position over the second decade. To the extent that high
income and highly educated people have greater political influence than others, these
results imply that those in power may tend to favour greater education expenditures and
may be less willing to prioritise conservation of natural capital.

6. Conclusions
We have addressed the question of whether there is a trade-off between adopting poli-
cies that promote near-term wellbeing and policies that promote sustainability. We test
for this trade-off using measures of both strong and weak sustainability. We find that
there is a short-run (decadal) trade-off between wellbeing and strong sustainability. In
the subsequent decade, wellbeing bounces back for countries that exhibit a higher initial
level of strong sustainability. Less educated people benefit more from running a strongly
sustainable position, implying that natural capital depletion tends to benefit those with
greater education relative to those with lower educational achievement. By contrast,
more educated people benefit more from prior increases in education expenditures.

From a methodological perspective, our analysis raises doubts about the validity of
aggregating different forms of capital together to form a single economically-meaningful
capital measure such as ANS. Our results reject the hypothesis that natural capital is a
perfect substitute for other forms of capital in both the short and the long run. Thus
while ANSmay have accounting validity (being the change in the sum ofmultiple capital
components), it falls short as an economic sustainability measure.

A further test of substitutability that could be explored in future work is whether
all aspects of natural capital (natural resource depletion, carbon dioxide emissions, and
particulate matter emissions) are perfect substitutes and/or whether they have different
wellbeing effects over different time horizons. For instance, particulate matter emissions
may have immediate negative wellbeing impacts (Welsch, 2002) but have fewer long-
term impacts, natural resource depletion may have greater long-term negative effects
on wellbeing, while carbon dioxide emissions may have global but not local negative
impacts. If these aspects are not perfect substitutes, then an aggregate measure even of
strong sustainability may not be appropriate.

Methodologically, we also highlight the importance of controlling for prior wellbeing
within a country when estimating effects of prior sustainability on current wellbeing.
In our estimates, prior SWB is a highly significant explanatory variable, implying that

16All split coefficient values relating to the significant interaction terms are presented in online appendix
table A4.
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studies that omit any control for prior wellbeing, as is the case with several previous
‘levels-levels’ studies (see table 1), are likely to be misspecified.

Our results are important for understanding political economy dynamics in relation
to sustainability andwellbeing.A country that depletes its natural capital stocksmay raise
individuals’ life satisfaction in the short term but diminishes the resources available to
raise people’s wellbeing over longer time horizons. We therefore highlight an important
political economy challenge for policies designed to boost sustainable outcomes. Gov-
ernments that promote a strong sustainability position for their countrymay suffer in the
short term (i.e., the termmost relevant to political cycles) and so potentially lose political
power. This political economy challenge may help explain why many governments do
not run sustainable policies even if this is at the expense of future generations’ welfare.
It may also explain why governments that do run sustainable policies may not last in
power. Future research could concentrate on identifying generalisable lessons from spe-
cific countries that have been able to achieve both greater sustainability (strong and/or
weak) and greater short-term wellbeing. The ability to cut through this Gordian knot is
a challenge facing many governments that have the wellbeing of both current and future
generations in mind.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.
1017/S1355770X20000509.
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